BACKGROUND: Seventy percent of intrahepatic cholangiocarcinoma (ICC) patients are inoperable. Treatment for unresectable patients is essential to improve poor survival. AIMS: We aimed to evaluate the prognostic factors for ICC patients, and investigate the potential treatment strategies for unresectable patients. METHODS: ICC patients were identified in SEER registry in 2004e2013. Univariate and multivariate Cox proportional hazard regression analysis were performed to evaluate the effect of treatment strategies. RESULTS: Of 2248 cases diagnosed in 2010e2013 and staged according to the American Joint Committee on Cancer (AJCC) 7th edition, 1706 (76.13%) did not receive cancerdirected surgery. This portion increased compared to those diagnosed between 2004 and 2009 and staged according to the AJCC 6th edition (72.87%). In addition, the percentage of stage 4 cases increased, while stage 3 cases decreased, because AJCC 7th staging system categorized both T4 and N1 patients into stage IV, which were previously categorized into stage III by AJCC 6th staging system. Patients with radiofrequency ablation (RFA) showed a poorer survival in 2004e2009 (P ¼ .0213), but an almost the same survival as patients with tumor resection in 2010e2013 (P ¼ .51), suggesting that RFA performed better in recent years. Lymphadenectomy showed protective effect for unresectable patients. Radiotherapy improved cancer-specific survival in non-surgery patients (P < .0001).The proportion of stage IV patients increased tremendously from 37.4% in 2004e2009 to 58.7% in 2010e2013. Among 1319 stage IV patients (2010e2013), surgery at distant metastatic sites improved cancer-specific survival. CONCLUSIONS: For unresectable tumors, RFA, radiotherapy, lymphadenectomy, and surgery of distant metastases showed significant benefits to improve cancer-specific survival.
Background
Intrahepatic cholangiocarcinomas (ICC) are located within the hepatic parenchyma. The prognosis of ICC patients were poor. Tumor resection with negative margins provides the best chance for prolonged survival [1] , whereas resection with margins appears to be superior to non-operative treatment [2] . According to NCCN guidelines, multifocal hepatic diseases, lymph node metastases beyond the porta hepatis and distant metastatic diseases contraindicate tumor resection [3, 4] . Tumor resection is only considered in highly selected cases with limited multifocal diseases or gross lymph node metastases to the porta hepatis [5, 6] . To improve the overall survival outcomes, many other strategies have been developed for unresectable ICC patients.
For unresectable ICC patients, heat-RFA is supposed to be a safe and effective treatment [7] . It successfully controls local primary tumors of intermediate (3e5 cm) or small (<3 cm) diameter and resulted in a median overall survival of 38.5 months [8] . Studies on SEER data between 1983 and 2010 suggest an increasing use of RFA and surgical resection and a decreasing use of radiation alone [9] . Radiation is another option for unresectable ICC patients. Radiotherapy exhibits benefits on overall survival among non-surgery ICC patients who receive chemotherapy [10] . Postoperative intensity-modulated radiotherapy can improve overall survival and disease-free survival in ICC abutting vasculature with null-margin resection [11] . ICC has a high tendency toward metastasis; lymphadenectomy is likely to have a significant impact on the overall management of ICC. Lymphadenectomy has shown a survival benefit and is thus suggested to be considered for all patients [12] .
In this study, we aimed to investigate the risk factors of mortality and evaluate the survival benefit of potential treatment strategies (RFA, radiotherapy and lymphadenectomy) for unresectable ICC patients by using SEER database from 2004 to 2013.
Methods

Database and Cohort Definition
A total of 12,780 patients diagnosed with ICC (ICD-O-3 Histology/behavior code: 8160/3; site recode ICD-O-3/WHO 2008 code: intrahepatic bile duct and liver) were identified in the SEER 18 Research Data þ Hurricane Katrina Impacted Louisiana Cases, Nov 2015 Sub (1973e2013 varying) incidence database. As shown in the flow diagram in Figure 1 , we included 2394 histologically confirmed cases diagnosed from 2004 to 2009 and staged by the AJCC 6 th edition TNM staging system and 2248 histologically confirmed cases diagnosed from 2010 to 2013 and staged by the AJCC 7thedition TNM staging system. Demographics, AJCC TNM stages, tumor differentiation grade, and treatment information were compared.
Treatment Categories
SEER data were collected and reported using data items and codes as documented by the North American Association of Central Cancer Registry (NAACCR) [13] . All patients included were divided into 2004e2009 subgroup and 2010e2013 subgroup, according to the different AJCC editions of the staging system. According to AJCC TMN Staging (7 th ed., 2010), all tumors with periductal invasion (T4), lymph node metastases (N1) or distant metastasis (M1) are categorized as stage IV. But, according to AJCC TMN Staging (6th ed.), only tumors with M1 are categorized as stage IV. For stage IV patients, ICC tumors were unresectable, so other treatment strategies than tumor resection were important to improve survival.
Based on information regarding primary cancer-directed surgery types, all recruited patients were categorized into a non-cancer-directed surgery group, a tumor resection group, an ablation (RFA) group and a tumor destruction (other than ablation) group. Based on the radiotherapy Translational Oncology Vol. 12, No. 11, 2019 Treatment in Unresectable Intrahepatic Cholangiocarcinoma Liu et al. information, regional lymph node (LN) surgery and distant site surgery, patients were also divided into radiation / non-radiation group, lymphadenectomy/non-lymphadenectomy group, and distant metastatic site surgery / non-distant metastatic site surgery group. Radiotherapy included beam radiation, radioactive implants, radioisotopes, and combinations of two or three of the radiotherapy types. Lymphadenectomy was the regional lymph node(s) removal surgery type, and distant metastatic site surgery was the non-primary surgical procedure for distant lymph node(s) and / or distant metastatic sites.
Statistical Analysis
Patients were followed up until December 2013. The primary outcomes measured were all-cause mortality and cancer-specific mortality. The candidate risk factors included age, sex, race, tumor differentiation grade, AJCC TMN stage, and treatment types. Numeric variables were summarized as the mean (standard deviation) and median (interquartile range). Categorical variables were reported as counts (percentage). An analysis of variance was used to compare continuous variables with symmetric distributions across the 2004e2009 and 2010e2013 subgroups. chi-square tests or Fisher's exact tests (n < 5) were used to compare categorical variables between subgroups. The KaplaneMeier method was used to plot the survival distributions, and the log-rank test was used to assess differences in survival experience among the treatment subgroups. To identify the risk factors for cancer-specific mortality and all-cause mortality, univariate Cox proportional hazards regression was performed to estimate the hazard ratio. To further adjust for potential baseline confounders, multivariate Cox regression was carried out. In multivariate model, the confounders included age, sex, race, tumor grade, T-stage, N-stage, M-stage, AJCC stage, cancer-directed surgery, regional lymph node surgery, surgery at distant sites, and radiation. To evaluate the effect of radiation on survival for different subgroups by the stratification variables, stratified Cox regression models were performed. In stratified COX model, the effect of radiation was adjusted by the stratified variable and their interaction term (the effect of radiation was evaluated by multiplying with stratified variable). So, the P-value for interaction term indicated the different effect of radiation among the stratified subgroups. All tests of hypotheses were two-tailed and conducted at a significance level of 0.05. Statistical analyses were conducted using SAS 9.4.
Results
Demographic and Clinical Changes Between 2004 to 2009 and 2010 to 2013
Of 4642 cases included in this analysis, 2248 were diagnosed in 2010e2013 and staged by the AJCC 7th edition (group 1), and 2394 Note: Surgery, NOS*: a surgery procedure to the primary site was done, but no information on the type of surgical procedure is provided. Tumor destruction**: tumor destruction procedure other than ablation.
cases were diagnosed in 2004e2009 and staged by the AJCC 6th edition (group 2). The shorter follow-up time in group 1 resulted in a shorter survival in months, lower all-cause mortality and lower cancer-specific mortality rates than patients in group 2. Major T stage changes existed in the T2 and T3 categories. In the AJCC 6th edition, multiple tumors less than 5 cm were in T2, and multiple tumors more than 5 cm were in T3. However, in the AJCC 7th edition, the T2 stage included multiple tumors, ignoring tumor size. As shown in Table 1 , patients diagnosed from 2010 to 2013 had many more individuals in T2 and stage II compared to patients diagnosed from 2004 to2009 patients. Still, unlike the AJCC 6th edition, which included T4 and N1 in stage III, the AJCC 7th edition categorized both T4 and N1 patients in stage IV. Thus, 58.67% patients diagnosed from 2010 to 2013 were in stage IV, and only 4.72% were in stage III. Moreover, compared to patients diagnosed from 2004 to 2009, more patients diagnosed from 2010 to 2013 had lymph node metastasis (P < .0001) and distant metastasis (P ¼ .03).
As for the treatment trend across the 2004e2009 and 2010e2013 groups, the tumor resection rate decreased from 24.11% to 21.60%, while the ablation rate increased slightly from 1.39% to 1.56% ( Table 1 ). The rate of patients undergoing radiotherapy, lymphadenectomy and distant site surgery was almost unchanged (Table 1) . Among all 4642 patients, 3661 all-cause deaths and 2805 ICC-specific deaths were observed. The 12-, 60-, and 96-months estimated overall ICC-specific survival rates were 40.38%, 12.84%, and 10.38%, respectively ( Supplementary Figure 1 and Supplementary Table 1 ).
Risk Factors for Survival
To evaluate the risk factors for survival, including TNM stages (AJCC 7th edition), for 2248 patients diagnosed between 2010 and 2013 were analyzed. As shown in Table 2 , both univariate and multivariate Cox regression analyses showed age, being male and of the black race, poorly differentiated tumors and higher AJCC stages as significant risk factors for both all-cause death and ICC-specific mortality. Racial disparity existed and black patients had a higher risk of death than white patients. For surgery, both tumor resection and tumor destruction, including ablation, could significantly improve survival ( Supplementary Figure 2 and Supplementary Table 2 ). Except for cancer-directed surgery, both radiotherapy and surgery at distant metastatic sites decreased the hazards of all-cause mortality and cancer-specific mortality in both univariate and multivariate Cox models (Table 2 ). However, lymphadenectomy did not show significant benefits to survival in the multivariate COX model.
Benefits of RFA and Radiation on Survival
As shown in Figure 2A , compared to patients with tumor resection, patients who underwent ablation had a poorer prognosis in 2004e2009 (P ¼ .0213), but showed a similar KaplaneMeier curves as the tumor resection group in patients diagnosed in 2010e2013 (P ¼ .5055). Radiotherapy could significantly promote cancer-spe-cific survival in both patients diagnosed in 2010e2013 (log-rank P < .0001) and in 2004e2009 (log-rank P < .0001, Figure 2B ). These results suggested that radiotherapy performed better than Cancer-specific death ** was demonstrated as ICC-specific death number (numerator) divided by number of patients treated by radiation/no radiation in each patients category* with or without primary tumor surgery. HR (95% CI)*** showed the hazard ratio (95% confidence interval) of cancer-specific death among radiation patients vs no radiation patients in subgroups. P-value # for interaction term indicated the different effect of radiation among stratified subgroups.
patients without radiation and lymphadenectomy. In 2010e2013, ablation showed similar effect on overall cancer-specific survival to tumor resection.
Stratified Cox Model
Because the number of patients with tumor destruction (including ablation) was small, no valid hazards ratios (HR) could be generated by the stratified Cox regression model. To further evaluate the roles of radiotherapy on survival in resection patients and unresectable patients who did not receive tumor-directed surgery, stratified Cox regression models were used. As demonstrated in Table 3 , compared to the non-radiotherapy group, radiation was associated with a better ICC-specific survival in patients who did not receive any cancer-directed surgery (P < .0001). But for patients with tumor resection or RFA (ablation), radiation did not show significant survival benefit (P ¼ .73 and 0.46, respectively). For other stratified subgroups, radiation showed significant survival benefits in all age, sex and TNM stage subgroups.
Discussion
The incidence rate of ICC in the United States has increased over the last four decades (1973e2012), from 0.44 to 1.18 cases per 100,000, and this trend has accelerated during the past decade [14] . The mortality from ICC also increased markedly. The age-adjusted mortality rate per 100,000 persons for whites and blacks increased from 0.14 and 0.15 (1975e1979) to 0.65 and 0.58 (1993e1997), respectively [15] . This tumor is associated with a poor prognosis [16] . Based on the 2004e2013 SEER data included in this study, the overall 60-month (5-year) all-cause survival and cancer-specific survival was 9.7% and 12.8%, respectively ( Supplementary Figure 1) . The 60-month (5-year) survival of the ablation group, tumor resection group and non-surgery group was 23.25%, 40.31% and 2.97%, respectively (Supplementary Table 2 ).
The AJCC 7th edition TNM staging system has, for the first time, attributed a unique pTNM staging to ICC and provided routine lymphadenectomy at the time of surgery for ICC, which becomes the standard of care [3, 5] . According to AJCC TMN Staging (7th ed., 2010), all tumors with periductal invasion (T4), lymph node metastases (N1) or distant metastasis (M1) are categorized as stage IV. In this study, we found that compared to the AJCC 6th edition, more patients were categorized into stage IV under the AJCC 7th staging system (Tables 1,  58 .67% vs 37.39%). Additionally, there are more non-surgery patients diagnosed from 2010 to 2013 (76.1%), compared to those from 2004 to 2009 (72.9%) (P ¼ .01). Here, since more than 70% of ICC tumors were inoperative and the 60-month (5-year) survival for this portion of patients was less than 3%, we believe that we should focus on the treatment of unresectable ICC patients.
In NCCN guidelines, current primary options for metastatic disease only include clinical trials, fluoropyrimidine-or gemcitabine-based therapy [17] and supportive care. Currently, clinical trial and fluoropyrimidine / gemcitabine-based chemotherapy are the primary treatment options for this group of patients [18] . For patients with unresectable tumors, locoregional tumor destruction is suggested by NCCN guidelines.
Locoregional therapy, including RFA, is effective in unresectable ICC with a tumor size less than 3e5 cm [8, 19] . In this study, we suggested that RFA would help improve survival for unresectable patients. Here, we found that the proportion of ablation in the tumor destruction group increased tremendously from 25% in 2004 to 73.33% in 2013 ( Supplementary Figure 3) . Moreover, even KaplaneMeier analysis suggested a better survival in resection patients than ablation patients in 2004e2009 (P ¼ .02); this gap disappeared in patients diagnosed from 2010 to 2013 (P ¼ .51, Figure 2A ).
According to NCCN guidelines, radiation combined with chemotherapy is recommended for patients with microscopic tumor margins (R1) or positive regional lymph node(s) after cancer-directed resection [20, 21] . However, in this study, radiation did not show benefits to cancer-specific survival in the tumor resection group in the stratified Cox model (Table 3) . Instead, in the non-surgery group, radiotherapy provided a significant protective effect against cancer-specific death (P < .0001). These results were consistent with previous study, which show that radiotherapy did not provide a survival benefit for resection patients with positive resection margins and node negative ICC [22] . Recent studies also demonstrated the benefits of radiation in unresectable ICC [10, 23, 24] .
Lymph node metastasis is an important prognostic indicator of survival, and lymphadenectomy is routinely considered at operation. Lymphadenectomy has a survival benefit and is thus suggested to be considered for all patients [12] . A portal lymphadenectomy is reasonable as it provides relevant staging information. However, based on SEER data between 1988 and 2011, lymphadenectomies only showed a therapeutic benefit among a subset of patients (males, age 60 years and tumor size >50 mm) [25, 26] . Even some reports suggested that lymphadenectomy has no therapeutic benefit to patients undergoing surgery [26e29]. Extended lymphadenectomy patients had even worse overall survival compared with patients with more limited lymph node resection [30] . In this study, patients with lymphadenectomy had a significantly better survival than patients without lymphadenectomy ( Figure 2C ). Stratified Cox regression analysis showed that lymphadenectomy was proven to have no benefits to cancer-specific survival for patients with surgery, bu5 showed a significant benefit to survival in patients without primary tumor surgery (Table 3 ). For both N0 and N1 non-surgery patients, the odds of cancer-specific mortality among patients having lymphadenectomy were significantly lower than the odds of cancer-specific mortality among patients having no lymphadenectomy (P ¼ .01 for N0 patients, P ¼ .003 for N1 patients). These results suggested that for unresectable patients, portal lymphadenectomy might not only provide staging information, but also help relieve portal tumor burden and prolong survival.
With the advanced CT/PET techniques, the sensitivity in detecting regional lymph nodes metastases and distant metastases increased significantly [31] . The rate of lymph node(s) metastases and distant metastases increased from 23.54% and 37.4%, respectively, from 2004 to 2009 to 30.58% and 40.5%, respectively, from 2010 to 2013 (Table 1) . Even distant metastasis is a key contra-indicator for primary tumor resection; still, 2e4% stage IV patients received surgery of distant lymph node(s) or metastatic sites ( Table 2) . For unresectable ICC patients, current treatment strategies are limited. Aggressive treatment might help relieve tumor burden and bring survival benefits to patients.
In this study, we investigated several currently-available methods, including RFA, radiotherapy, and lymphadenectomy. Future clinical research should focus more on this group of patients and develop more effective methods to improve survival of ICC patients.
The SEER program of the National Cancer Institute (NCI) is a population-based cancer registry covering approximately 30% of the population in the United States. This database is the largest publicly available and authoritative information source on cancer incidence and survival. Using this reliable and large-scale research dataset, we could get useful information to guide clinical anti-cancer treatment for ICC.
Conclusions
In conclusion, compared to patients staged according to AJCC 6th edition staging system from 2004 to 2009, more stage IV patients were diagnosed from 2010 to2013 according to the AJCC 7th edition staging system. The percentage of people with tumor resection decreased between 2010 and 2013 compared to patients diagnosed from 2004 to 2009. Among patients who did not receive tumor resection, RFA, radiotherapy, and lymphadenectomy showed benefits to cancer-specific survival, especially in patients diagnosed from 2010 to 2013.
Supplementary data to this article can be found online at https:// doi.org/10.1016/j.tranon.2019.05.020.
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